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Abstract: Lung cancer is the most common cancer and the leading cause of cancer death
worldwide, with an estimated 2.1 million new cases and 1.8 million deaths in 2018. Although
small cell lung cancer (SCLC) is the most aggressive type of lung cancer, it shows high
response rates to chemotherapy in early lines of therapy. Unfortunately, it is associated with
rapid recurrence and relatively poor prognosis. Over the last few years, considerable progress
has been made in cancer immunotherapy. One of the most promising ways to activate
therapeutic antitumor immunity is via blockade of immune checkpoints, such as cytotoxic
T lymphocyte-associated protein-4 (CTLA-4) and programmed cell death protein-1/pro-
grammed cell death ligand-1 (PD-1/PD-L1). Immune checkpoint inhibitors show promise
as SCLC therapeutics. The overall expectation for immuno-oncology is high, and the out-
comes of trials will hopefully reveal a variety of treatment options for SCLC patients. In this
review, we discuss the discovery of new immune inhibitory and stimulatory pathways and
rational combination strategies to explain the role of immunotherapy in SCLC and its future
opportunities and challenges.

Keywords: small cell lung cancer, immune checkpoint inhibitors, CTLA4, cytotoxic T
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Introduction

Lung cancer is the most common cancer and the leading cause of cancer death
worldwide, with an estimated 2.1 million new cases and 1.8 million deaths in
2018." Approximately 13% of lung cancer patients have small cell lung cancer
(SCLC).? Although this aggressive tumor shows high response rates to chemother-
apy in early lines of therapy, it is associated with rapid recurrence and relatively
poor prognosis and is often diagnosed at late stages with systemic metastasis.>*
Thus, the 5-year survival of SCLC patients is very low and varies according to
stage, with 5-year relative survival rates of 31% for limited-stage SCLC (LS-
SCLC) but just 2% for extensive-stage SCLC (ES-SCLC).?

Because SCLC is generally highly sensitive to chemotherapy and radiation
therapy, combined chemotherapy and radiotherapy has become the accepted stan-
dard treatment for all stages of SCLC. The standard chemotherapy regimen of
cisplatin or carboplatin plus etoposide used as the first-line treatment of LS-SCLC
and ES-SCLC diseases has not changed over the past four decades. Radiotherapy is
administered to those patients with LS-SCLC whose cancer is confined to the chest
in a single tolerable radiation field.®® Recently, the randomized phase III
CONVERT trial® was designed to show the superiority of once-daily concurrent
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radiotherapy. However, because it was not powered to
show equivalence, the standard of care arguably remains
twice-daily therapy, although its use is less frequent. These
results indicate conventional or hyperfractionated radio-
therapy as the potential standard of care in LS-SCLC.
Although up to 80% of patients respond to first-line che-
motherapy and radiation therapy, most rapidly relapse and
show resistance to further therapies.

Recently, many improvements have been made to the
fundamentals of SCLC treatment. The results of the
CheckMate-032 study contributed to the first Food and Drug
Administration (FDA)-accelerated approval for nivolumab
(OPDIVO™, anti-programmed cell death protein-1 [PD1]) for
the third-line treatment of metastatic SCLC in August 2018.
However, the open-label Checkmate-331 study failed to meet
the primary endpoint of overall survival (OS) compared with
standard of care.'® Recently, the results of the IMpower study
contributed to FDA-accelerated approval of the combination of
atezolizumab (TECENTRIQ®™) with carboplatin and etoposide
in the frontline treatment of ES-SCLC in March 2019."" The
study demonstrated an overall survival benefit when the pro-
grammed cell death ligand-1 (PD-L1) inhibitor atezolizumab
was added to platinum/etoposide chemotherapy for the initial
treatment of ES-SCLC (median OS [mOS] of 12.3 months in
the atezolizumab group and 10.3 months in the placebo group;
hazard ratio [HR] 0.70, 95% confidence interval [CI] 0.54—
0.91, p=0.007)."? In Figure 1, we summarize the standard of
care therapies and new therapies that have been approved by
the FDA.

Additionally, the FDA has granted a priority review
designation to a supplemental biologics license application
(sBLA) for pembrolizumab (KEYTRUDA®) as a treat-
ment for patients with advanced SCLC whose disease
has progressed after two or more prior lines of therapy."
The application is based on findings from cohorts of the
phase II KEYNOTE-158 and phase Ib KEYNOTE-028
studies, in which pembrolizumab elicited 19% and 33%
overall response rates (ORRs) in patients with advanced
and ES-SCLC, respectively.'*'>

The immune system can recognize physiological and
pathological changes at the cellular level. After tumorigenesis,
tumor-associated antigens can be presented by antigen-pre-
senting cells (APCs) to major histocompatibility complex
(MHC) I and then recognized by T cell receptor on CDS8
cytotoxic T cells. T cell activation is induced by a secondary
co-stimulatory signal, namely, the binding of B7 protein on
APCs to CD28 on cytotoxic T cells. Afterward, the activated T
cell induces the death of the physiologically and pathologically
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Figure | Timeline of treatment for SCLC. This timeline illustrates the standard of
care therapies and new therapies that have been approved by the FDA.

altered cell. Conversely, the activated T cells are negatively
regulated by increased expressed of cytotoxic T lymphocyte-
associated protein 4 (CTLA-4), which has a higher affinity for
B7 protein of APCs than the CD28 molecule of cytotoxic T
cells.'® CTLA-4 is normally expressed in regulatory T cells
(Tregs) and acts as a restraint molecule of the activated
immune system, suppressing auto-reactivity. Similar to the
CTLA-4 molecule, PD-1 is an immune checkpoint inhibitor
in activated T cells, peripheral B cells, and myeloid cells. In
contrast, the binding of PD-1 to PD-L1 on tissues or hemato-
poietic cells occurs in the late phase and thereby mainly
suppresses activated T cells in peripheral immune effector
lymph 17,18
Overexpression of tumor-specific antigens on tumor cells

sites rather than in central systems.
can facilitate their recognition by the host immune system,
especially by T cells.'” CTLA-4 and PD-1 are recognized as
inhibitors of immune effector cells and they therefore contri-
bute to the rapid development of cancer cells due to inactiva-

tion of the immune system during tumorigenesis.
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Because SCLC has the highest rate of tumor mutational
burden (TMB), the tumor should be sensitive to immune-
based therapeutic approaches.’™*' TMB is used as a pre-
dictor of immune checkpoint inhibitor efficacy for many
cancer types.””> In Helmann et al,*® the objective response
rate was 21.3% in the high TMB group (248 mutations on
whole-exome sequencing) but just 4.8% in the lower TMB
group (0 to 142 mutations). PD-L1 expression has been
applied as a biomarker to predict the efficacy of PD-1/PD-
L1 inhibitors in relation to the dynamic and heterogeneous

Immune checkpoint molecules are frequently overexpressed
in SCLC-associated
Figure 2 summarizes the inhibitory and stimulatory mole-

tumor-infiltrating lymphocytes.?
cules and their targets. Cancer immunotherapy research
achievements can represent a new hope for SCLC patients
and confer them with improved and sustainable survival
opportunities. Thus, in this review, we aim to provide an
up-to-date overview of recent developments in immune
checkpoint therapy and novel immune checkpoint agents
and combination therapies in SCLC, focusing on clinical

expression of PD-L1 in the tumor microenvironment.?* trials.
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Figure 2 Immunosuppressive and immunostimulatory checkpoints and their targets. T cells recognize antigens presented by MHC complex on APCs or tumor cells through
T cell receptor (TCR). Many of the ligands bind to multiple receptors; some deliver co-stimulatory signals, whereas others deliver inhibitory signals. Full activation of T cells
is mediated by binding of CD28 to B7. CTLA-4 competes with CD28 for binding to B7 and transmits an inhibitory signal suppressing T cell activation. PD-| is expressed on T
and NK cells after antigen exposure. Following binding of PD-1 to its ligands, such as PD-LI/PD/L2 (expressed on tumor cells or APCs), an inhibitory signal turns off the
immune response mediated by activated Tand NK cells. A2aR is expressed on Tand NK cells, similar to PD-1. As in CTLA-4 and PD-| pathways, a significant influence of
A2aR signaling on Tregs and effector T cells is likely to be the fundamental driving force behind its immunosuppressive effect. TIM3 is an inhibitory receptor expressed by T
and NK cells that interacts with soluble or cell surface galectin 9 to negatively regulate T and NK cell function. BTLA is an inhibitory receptor that is structurally and
functionally related to CTLA-4 and PD-| and expressed by T cells. LAG3 is a receptor that forwards inhibitory signals to activated Tand NK cells through LAG3/TCR-MHC
interaction, leading to downregulation of immune responses. KIR receptors are expressed on NK cells and to a lesser extent on CD8+ T cells. The binding of inhibitory KIRs
(inhKIRS) to their ligands (HLA class | molecule) protects normal cells against the NK cell attack. In contrast, in cancer, higher expression of inhKIRs on the surface of NK
and T cells promotes a downregulation of their function. OX40 is a stimulatory receptor, highly expressed by activated T cells and to a lesser degree by NK cells. OX40 and
its ligand OX40L play a pivotal role in the activation, potentiation, proliferation, and survival of T cells and in modulating NK cell function. CD40 is a stimulatory receptor
expressed on T cells. The interaction between CD40 and CD |54 stimulates cytokine secretion by B cells with subsequent T cell activation and tumor cell death. The levels
of ICOS, a specific T cell co-stimulatory receptor expressed on T cells, are upregulated in activated T cells, particularly after the use of anti-CTLA-4 therapies. CD27 is a
stimulatory receptor expressed on T cells. CD27-CD70 binding results in a potent signal that activates and differentiates T cells into effector and memory cells and boosts
the level of B cells. GITR is a co-stimulatory receptor expressed on T and NK cells. 4-1BB is an inducible co-stimulatory receptor expressed on T and NK cells. The
interaction between 4-1BB and 4-1BBL triggers subsequent immune cell proliferation and activation, particularly of Tand NK cells. TIGIT is a member of CD28 family-like
receptors expressed on T and NK cells. It exerts direct immunosuppressive effects on these cells and indirectly increases the release of immunoregulatory cytokines,
decreases the production of interferon-y and IL-7, and prevents maturation of dendritic cells.
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The CTLA-4 pathway and CTLA-4

checkpoint inhibitors

CTLA-4 was the first immune checkpoint receptor to be
targeted by a therapeutic agent.”® Monoclonal antibodies
against CTLA-4 (ipilimumab and tremelimumab) are
designed to prevent the interaction between CTLA-4 and
its ligands (CD80/CD86). In this manner, they blockade
the inhibitory signal provided by CTLA-4 and enhance the
activation and proliferation of tumor-specific T cells, facil-
itating an effective immune response against tumor cells.
In 2011, ipilimumab became the first immune checkpoint
inhibitor to be approved by the FDA.?”** As shown in
Table 1, ipilimumab has been investigated in combination
with chemotherapy in patients with SCLC.>*?

Ipilimumab has achieved promising results in SCLC
treatment.” In a three-arm phase II trial (NCT00527735),
patients received either six cycles of carboplatin and pacli-
taxel with or without ipilimumab or with ipilimumab in a
phased schedule.®’ The immune-related progression-free
survival (irPFS) was significantly prolonged for the phased
ipilimumab arm (6.4 vs. 5.3 months, HR 0.64, P=0.03) but
was not prolonged for the concurrent arm compared with
the control (5.7 vs. 5.3 months, HR 0.75, P=0.11). There
was also a nonsignificant trend for improved OS in the
phased ipilimumab arm (mOS 12.5 months, 95% CI 7.9—
14.9), compared with mOSs of 9.1 months (95% CI 6.7—
13.0) for the concurrent arm and 10.5 months (95% CI
8.6—11.7) for the control arm. The HR values relative to
control were 0.76 (95% CI 0.48-1.19, P=0.13) for phased
ipilimumab and 0.89 (95% CI 0.57-1.39, P=0.41) for
concurrent ipilimumab.®' There was also increased toxi-
city, with grade III and IV toxicities more common in the
ipilimumab arms (30% control vs. 43% concurrent vs.
50% phased). The study did not identify any potential
biomarkers that could predict the response to ipilimumab
treatment in patients with SCLC (Table 1).

In an open-label phase II study®® of ipilimumab with
carboplatin/etoposide for use as first-line treatment in pre-
viously untreated patients with ES-SCLC, patients received
carboplatin and etoposide up to six cycles (3—6) with
ipilimumab. The presence of autoantibodies (anti-SOX2,
anti-HU, anti-Yo, anti-VGCCA, anti-VGPCA, thyroid per-
oxidase, rheumatoid factors, anti-muscle antibodies, ANA,
and ANCA) was investigated at baseline in 38 patients.
Ipilimumab in combination with carboplatin and etoposide
might benefit a subgroup of patients with advanced SCLC.
A positive autoimmune profile at baseline was associated

with improved outcomes, with patients with any positive
autoantibodies at baseline having a significantly longer
median irPFS (8.8 months [95% CI 5.1-10.7] vs. 7.3 months
[95% CI 2.9-7.9], P=0.036). Antinuclear antibody positiv-
ity predicted a significantly prolonged irPFS (10.2 months
vs. 6.9 months, P=0.032). The mPFS (mPFS) was
6.9 months (95% CI 5.5-7.9), the median irPFS was
7.3 months (95% CI 5.5-8.8), and the mOS was 17 months
(95% CI 7.9-24.3). Increased toxicity was detected, with
grade III or higher toxicity developing in 90%; 69% of these
toxicities were thought to be related to ipilimumab.

Moreover, in a double-blind phase III study of ipilimu-
mab plus etoposide and a platinum agent, OS was not
increased compared with chemotherapy alone (mOS of
11.0 vs. 10.9 months, HR 0.94, 95% CI 0.81-1.09,
P=0.3775).>* There was also no significant improvement
in the mPFS (4.6 vs.4.4 months; HR 0.85, 95% CI 0.75—
0.97). Rates of treatment-related adverse events were 48%
for grade III to IV events in the ipilimumab arm and 44%
in the placebo arm (Table 1).

PD-1 and PD-LI pathways and PD-1 and
PD-LI checkpoint inhibitors

The PD-1 receptor is another important checkpoint receptor
being studied in oncology.>* In contrast to CTLA-4, PD-1 is
expressed on a broader range of immune cells besides T
lymphocytes (e.g., B lymphocytes and natural killer [NK]
cells).**>° Antibodies designed to inhibit the interaction
between PD-1 and its ligands (PD-L1 and PD-L2) have
shown promising results in clinical trials of different tumor
types, including SCLC. A monoclonal anti-PD-1 antibody
(nivolumab) was designated a breakthrough therapy for the
treatment of patients with metastatic SCLC on August 17,
2018.'"° The approval was based on the durability of
responses in the phase I/Il CheckMate-032 trial, in which
the objective response rate was 12% (95% CI 6.5-19.5) for
nivolumab after platinum-based chemotherapy and one other
prior line of therapy in 109 patients, according to the new
label. This response rate comprised 11% partial responses
and 0.9% complete responses. The median duration of
response was 17.9 months (95% CI 7.9-42.1), with 62% of
patients continuing to respond at 12 months and 39% still
responding at 18 months.*’

In the CheckMate-032 study,® the mOS was
4.4 months (95% CI 3.0-9.3) in the nivolumab monother-
apy arm but 6.0 months (95% CI 3.6-11.0) in the nivolu-
mab 3 mg/kg plus ipilimumab 1 mg/kg (N3/I1) arm and
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7.7 months (95% CI 3.6-18.0) in the nivolumab 1 mg/kg
plus ipilimumab 3 mg/kg (N1/I3) arm. The mPFS was
1.4 months in the nivolumab monotherapy arm (95% CI
1.4-1.9) and 1.4 months (95% CI 1.3-2.2) and 2.6 months
(95% CI 1.4-4.1) in the N3/I1 and NI1/I3 arms, respec-
tively. The 1-year PFS was 11% (95% CI 5.0-19.0) in the
nivolumab monotherapy arm. An updated result of the
CheckMate-032
Nivolumab monotherapy against SCLC had a strong ther-

study was recently published.*”
apeutic effect and was well tolerated as a third- or later-
line treatment for recurrent SCLC. The objective response
rate was determined to be 11.9% in the patients with
recurrent LS- or ES-SCLC, the mPFS was 1.4 months
(95% CI 1.3-1.6), and the mOS was 5.6 months (95%
CI 3.1-6.8). Moreover, the 1-year OS was 28.3% (95% CI
20.0-37.2). However, the open-label Checkmate-331 study
failed to meet the primary endpoint of OS compared with
standard of care.'®

A randomized, open-label, phase I/l study comparing
nivolumab with 177lu-DOTAO-Tyr3-Octreate radiation
therapy, sequentially, in patients with ED-SCLC is cur-
rently active and not recruiting patients
(NCT03325816).** The primary endpoints are PFS and
the maximum tolerated dose of 177lu-DOTAO-Tyr3-
Octreate. Nivolumab 240 mg is being administered every
2 weeks until disease progression, with 177lu-DOTAO-
after the first
administration of nivolumab. Each dose is infused over

Tyr3-Octreate administered 2 weeks

30 minutes. A randomized, open-label, phase II study
comparing nivolumab treatment with no treatment after
chemotherapy in ED-SCLC is also currently active with
the primary endpoint of PFS (NCT03382561).** In addi-
tion, nivolumab clinical trials are ongoing and recruiting
patients, including an open-label, phase II study of patients
with advanced SCLC

(NCT03662074) (Table 2).*

treated with gemcitabine

Pembrolizumab

Pembrolizumab (KEYTRUDA®), a fully humanized IgG4
isotype antibody against PD-1, is recognized as an effec-
tive immunotherapy for several solid tumors. The FDA
initially approved it to treat metastatic melanoma and
further approved it in 2017 for any unresectable or meta-
static solid tumor with certain genomic anomalies.*’ A
multicenter phase II trial*' of maintenance pembrolizumab
in 45 patients with SCLC showed no improvement in the
mPFS (1.4 months, 95% CI 1.3-2.8) when patients
received pembrolizumab after completion of 4 to 6 cycles

of platinum/etoposide, with a 1-year PFS of 13%. The
mOS was 9.6 months (95% CI 7.0-12.0) and the 1-year
survival was 37%. Further analysis indicated that the
mPFS was 6.5 months (95% CI 1.1-12.8) in the PD-L1-
positive group and 1.3 months (95% CI 0.6-2.5) in the
PD-L1-negative group, suggesting that this agent only
benefits a small subset of PD-Ll-expressing patients.
The phase 1b basket study KEYNOTE-028 and the
phase II basket study KEYNOTE-158 evaluated the anti-
tumor activity of pembrolizumab in patients with
advanced SCLC who had received at least two lines of
prior therapy,** with pembrolizumab demonstrating pro-
mising antitumor activity. In this exploratory pooled ana-
lysis, the mOS was 7.7 months and the 1- and 2-year
survival rates were 34.3% and 20.7%, respectively. The
mPFS was 2 months, and the 1- and 2-year survival rates
were 16.9% and 13.1%, respectively. Moreover, several
ongoing clinical trials are evaluating the efficacy and
safety of pembrolizumab in SCLC, including a phase III
study of patients with ED-SCLC treated with etoposide/
platinum (cisplatin or carboplatin) in combination with
pembrolizumab (Keynote-604: NCT03066778), as well
as in combination with chemotherapy or chemoradiother-
apy (Table 2). In addition, the REACTION trial,** with a
primary endpoint of PFS, is evaluating platinum/etoposide
naive with  or  without

in  treatment patients

pembrolizumab.

Atezolizumab

Atezolizumab (MPDL3280A), a fully humanized engi-
neered IgG1l monoclonal antibody against PD-L1, is an
effective immunotherapy for several solid cancers.
Recently, the FDA granted approval to the combination
of atezolizumab (TECENTRIQ®™) with carboplatin and
etoposide for the frontline treatment of patients with ES-
SCLC. The approval is based on findings from the phase
I1T IMpower133 study,!' which demonstrated that the addi-
tion of atezolizumab to carboplatin and etoposide signifi-
cantly improved OS in patients with ES-SCLC. The mOS
was 12.3 months in the atezolizumab group and
10.3 months in the placebo group (HR 0.70, 95% CI
0.54-0.91, P=0.007. The mPFS was 5.2 months and
4.3 months, respectively (HR 0.77, 95%CI 0.62-0.96,
p=0.02)."> However, a randomized phase II trial (IFCT-
1603)* investigating the therapeutic efficacy of single
atezolizumab for relapsed SCLC revealed that atezolizu-
mab did not have a significantly better therapeutic efficacy

and safety profile. PFS was determined to be 1.4 months in

submit your manuscript

4610

Dove

OncoTargets and Therapy 2019:12


http://www.dovepress.com
http://www.dovepress.com

Regzedmaa et al

Dove

(panunuo))
uonelpey
JHI 4q /qewnz||odquiad+ | 3+unejdogied uneidsid
paulw.aI9p— uoissatdxa |1-ad Suniniosy 0207 4290120 09 auswudisse dnoud s|8uis ‘jaqe| usdp I €0SYE6T0LON
qeWNZI|0Jquidd+seuldle|iz8ag
WO Suniniosy 6107 J19quiedeQg 8/ auswudisse dnoud s|8uis ‘jaqe| usdQ 6161LE£E01DN
UIRIgNJWY/+qeWnZzijoiquiag
WO Suniniosy 020 ‘1€ 3sn3ny ST auswudisse dnoud s|8uis ‘joqe| usdp I 890£STE0LDON
Adessyiouow qewnzijoiquiad g Wiy
qewnz|joiquad+uedalodo) 1y Wy
ausW
S4d 8uninuoau J0u ‘9ADY 610T ‘0T A2l 86 | -udisse uarossoud ‘|aqe| uado ‘paziwopury Ml 060£96Z01LDON qewnzijoJquiad
qEWN|OAIN +2UIqBIDWD)
vy SuninJdau 194 10N 120T ‘0| Joqwaidag 6T auswudisse dnoud aj3ulg ‘|aqe| usadpo Ml $/0799£01DON
upiqnIwy+ 13 D Wiy
uedszodo] +] D) g wy
qRWN|OAIN 1Y WUy usw | £€328 Y2BYD
SO | 8uminudas 10U 9AMDY | 6107 ‘0F 42qUWPAON 86. -ugisse [3||eted ‘|oqe| uado ‘paziwopuey n 0€818¥T0LDON
13+
uneldsip+unejdoguae) :g way | J+une|dspy
une|doque)+qeWN(OAIN 1Y WUy usw
S4d Buninuoay 810 ‘0€ JequidroN 0S| -ugisse [9)jeJed ‘|aqe| usdo ‘paziwopuey Il 19978€€0LON
2121004100
-€AL-0VLOQ-NTLL | +GBWN|OAIN
S4d 11 @seyd QLW pue asop auawW
|| 9seyd pspuswiwodas | aseyd [ Buninusau jou ‘eAndy 70T 4equiadag 96 | -uBisse [enuanbas ‘jaqe| uado ‘paziwopuey I 9185TEE0LDON qewn|oAlN
Sdd ‘Il @seud
950(J || 3seyq PIPUBIWIOIDY 11 +qewn|oAIN+qewnwijid)
JO uopeWIUOD | dseyd | SuninadaJd 10U ‘DANdY 720 IWdy 1T auswudisse dnoug 9j3ulg [aqe| uado 1 665EY0E0LDN qewnuwi|id)
snje)s | ayeq uonajdwod | pajewnss
jutodpus Arewirid juawnind’y | Apnig pajewnnsy ‘Juaned uSisap Apnig | aseyd | J9y13uapl sperL juady

D1DS ul sauase ujod>payd sunwuwi jo sjern 3uloduQ T s|qeL

4611

submit your manuscript

OncoTargets and Therapy 2019:12

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Regzedmaa et al

(panunuod)

qewnzijoJquiad

8C0-3LONAII

yOg | 8uninudaa ou ‘sandy 610T ‘€| 3sn3ny LY auswudisse dnoud s|8uis ‘joqe| usdp | 908+S0Z0LDON
d3+0993¢|d :g Wiy

d3+qewnzijoiquiad 1y Wy ausw 09— ILONADI

SO Sdd | Suminudas 10u ‘9AndY 1T0T ‘S 429010 0¢y | -uBisse jo|jesed ‘puiq dqnop ‘paziwopuey 1] 8LL990€01DN

qewinzijoiquiad 851 “ILONAI

Rle) Buninuoay €20T ‘8T 3sndny 0s€l auawugisse dno.g aj3uls ‘joqe| uado I £908T9T0LDN
1D+uoneipey+qewnzijoiquiad
22708 §7 Ausw

alw Buninioay 20z Ainf 08 -ugisse [o||esed ‘aqe| uado ‘paziwopuey I 0T620¥TOLDN
apisodoag/une|dsiD+qewnzijoiquiag:g Wiy
qewnwi|d|+qewnzijoiquidd :q Wiy
[xeal|ded
Junejdog.ied) +qewnzijoiquad D Wiy
paxaJiswag
June|dsiD+qewnzijoiquiad:g Wy

qewnzIjodquidd 1y Wy uswudiise 110— ILONAD

17Q | 3uminudas 30u ARy 020T ‘L11Mdy LS [31jeed ‘jaqe| uado ‘paziwopue. UoN | 6,50¥8101ON
Je3sopesedy+qewnzijoiquiagd

N¥Te) SuninJsau 194 10N 610C 4oquadaq 0S auawuisse dnoud aj3ulg ‘|aqe| uadpo I 08870V€01DON
10:q wiy

1D+qewnzIjoiquidd Y WUy Judw NOILOVIY

S4d Suninuoay 020T 3snSny 811 | -uBisse uanossoud ‘jaqe| uado ‘paziwopuey M ¥6608ST0LON
qewnzijodquiad

S4d | 8uninusau jou ‘eAndy £10T ‘1€ Jaqwiadaq $S auswudisse dnoud s3uis ‘jaqe| uadp I 6106SE£T0LON
d3+0932¢|d :g Wiy
d3+qewnzijoiquiad 1y Wy
auswuisse |9)esed

SO ‘Sdd | Suminudas 10u ‘9AndY 1T0T ‘S 429010 (1134 ‘Pul|q-S|qnOp USIUSdINW ‘PIZIWIOpURY 1] 8£L990€01DN

snyejs | ayeq uonajdwod | pajewnnss
juiodpus Asewirid jusunINY | Apn3s pajewnysy ‘Quaned uBisap Apnyg | aseyd | J2u13USPI S[eIIL jJualdy

“(ponunuo)) 7 9lqeL

OncoTargets and Therapy 2019:12

submit your manuscript

4612

Dove


http://www.dovepress.com
http://www.dovepress.com

Regzedmaa et al

Dove

(panunuo))
aupdepgGd paseq
aupdep £qd 1192 2npusg
paseq [[ed dlIpuUa+qewn|oAIN +qewnuwijid] QEWN|OAIN|
lele] Buniniday 170T Idy Iy auawugisse dnous j3uls [oqe| uadQo I S1£90¥€01ON ‘qewnuwiid
ITNWILS
S4d ‘SO Buninuoay T20T Adenue( 097 | auswudisse 3j3uls ‘oqe| usdQ paziwopuey Il €€L9¥0C0LON
ogade|d i Wy
qewnuwi|id|+qeWN[OAIN g WJy
Adessyrouow qeWIN|OAIN 1y Wy
auswusisse |9)[eded 1S SEPPRYD qewnuwi|id
SO | 8uminudau jou ‘DANdY 610T ‘0T 42qWRAON ové ‘pulig-a|gnoQ Y3uddn Ny ‘paziwopury 1 9998€SC0LON qeWn|oAIN
qewnjeainQq
Sdd Suninioay 120T 6] J9qwiadaQg 1S auswugysse dnous 33urs ‘jaqe| uado I 866585S£01ON qewnfeAunQ
Adessyzowayd aul| (| IJBPUBISHGRWN[AY JAVd
S4d Suninuoay 120T 3sn3ny SS auswudisse dnoug 9|3uis ‘jaqe| usadp Il £/6089SE£01DON qewn[oAY
qewnzi|ozaly g Wy
Adessyrowsy) 1y way
Ausw €091-424I
WY | Buninusasjou ‘eAndy 020z dunf 0L -ugisse |9|jeJed ‘|aqe| uado ‘paziwopuey I /99650£01DON
d3+uneidogien+oqadeld g way
d3+unejdogued +qewnzijozaly 1y Wy
ausw €€ |4amody|
SO ‘Sdd | 3uminuda. 30U ‘BARdY 610T ‘| sn3ny 00§ [ -uBisse |9jeed ‘puijq-sjqnop ‘paziwopuey 1 6/S€9/C01LON
14D pa19|dwod Jsyye a.ed pJaepuelg g Wiy
19D pa319|dwod 491y qewNnzZI|oZaly 1 WJY
auaw
[EAIAINS JBIA-T Suninioay 9707 J1aquadaQq tA k4 -ugisse |9|jeJed ‘|aqe| uado ‘paziwopuey Il 0ZFOFSE0LDON
qewnziozaly Aq pamo|o} YHS
WO Buninuay ¥20T ‘1€ AInf S€ awudisse dno.3 aj3uls ‘aqe| uado Il ¥S¥T9TEOLON qewnzi|ozaly
snjejs | ayeq uonsjdwod | payewnss
jutodpus Arewiid jusuwnINY | Apnig pajewnsy ‘puaned uSisap Apnig | aseyd | Jay13UAPI SjelIL jJuady

"(Ponunuod) T a1qeL

4613

submit your manuscript

OncoTargets and Therapy 2019:12

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Regzedmaa et al

(panunuo))

quede|O+5//1AZY D Wiy
upeidogied+5//1AZY ‘G Wy
qewnWIPWa.] +qewn[eAINg 1y Wiy

quede|Q

“..EwECM_ww.m 2l1vd qewnwijswsaJd]
R} [o) Buninuoay 170 ‘7T Adenuef 08 [2|[esed ‘joqe| uado ‘paziwopues-uoN Il 818L£6T0LDON qewnpeAing
1dH+
1D+qewnuwijdwad] +qewneAainq :q Wy
1Hs+
1D+qewnuwijpwad] +qewneaing D way
pajeuon
|UNLth~Ar_ 1TYH+1D+qewnjeAadnqg g Wiy
._-M_m+|_.U+£NE3_N>LSD oy
D71OS 404 “ucwECw_ww.m NIAOTD
s3v ‘s11d Buniniday 70T ‘b IMdy 00¢€ [2|[esed ‘joqe| uado ‘paziwopuel-uoN I T1060S€01DON
qewnuwijawad] +
qewneAin+ ] J+unedogied
D7D 404 uswudisse
s3v ‘s3uipuly Auoreloqe] Suninuoay 610T ‘gz dun w 19|e4ed ‘|oqe| uado ‘paziwopued-uoN | ¥1785970LDON
qewnuwijpwaJ] +
all Buninioay 170T Y24el TC | qewnjeainq auswuisse aj3uls ‘aqe| uado I 6¥8580€01DON
d3 un_m+n_mc\_:_m>gsﬁ_ g way
da+
qewnwiPwad] +qewn(eAln 1y Wy :usw NVIdSVYD
S4d ‘SO Sunminusay 00T ‘8T AJenugay 86 -udisse [o||eed ‘joqe| uado ‘paziwopuey n T/8EYOE0LDON
qewneAIN+qewnuwidWwal] + 1Y g Wiy
qewn[eAdnQ+qewnuidwad] 1y WJy usw qewnuwijawad]
WYO ‘Sdd Buninuay 020 sn3ny 0T -udisse |9||esed ‘jaqe| uado ‘paziwopuey Il 00+ 10£201DON qewnfeAing
unqeuljd+qewnwi|id|+qewn|oAIN g Wy
‘qewnwijid|+qewn|oAIN
Y Wy (|| aseyd
‘unnqeunjd+qewnwid)+ qewnuwyid|
qeWN|OAIN| 1y WY | 8Seyd 3usw uljnqeul|d
S4d ‘LW Suninioay TT0T +2quiaadag S -udisse |o|[eted ‘2qe| USQ ‘paziwopuey 1 €6/5LSE0LDON qewn|oAIN
snje3s | ayeq uonajdwod | pajewnss
julodpus Asewriyg juaunINIY | Apnis pajewnsy ‘yuaned udisap Apnis | aseyd | 4anuspl spely juasy

"(penunuo)) T ajqeL

OncoTargets and Therapy 2019:12

submit your manuscript

4614

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Regzedmaa et al

g .
8¢
s 22
2+|§
0O 3 @
Ee] © g 0
c T £ 94
3 c <
o | 2 o
o >\§L
o g2 9
c S 2 @
G 5% 5
> W 9 9
o I-IJEE
: c5%.
‘T 5 O 9% E x
“— 3
o [a] 0% 7O
oo
£
B
g |z
[ I
g 3 ”
.‘:m c £
23|g¢ 5
[ =~ I .
9 81| 8 ]
e a| < [~4
> 9
=
R _
2 0 g
w I3
2L )
8 o tn
e 2| < o
E 8| 2
._Em 0
S > =]
w o | 2 o
w o | 3 O
o
;8
E s
9 £
¥ 5
c xQ
[ X
0
«
k. sl .
c £l s
8 5| E
— + uo_Q_Q
[7] 0 = © g
] s 8|92 g E
= £ E © S5 3
s 22|s%s
3
= S$2|85¢%
© Zzz|®aa
5 + 9] +
s |8 5| me2
N 5
@ E S$$|@ 8§42
[} 3 800 < = = E
° 2 g« _goo_g
g | ELa| L Ld g
< oo 5]
3 Oggg 0—55:%
(7] Z a<<| 0 << +
]
7]
]
= — —
o = =
-
]
E Al
g |2 S
5 S &
:g o m
2 3 o
& [~ [
= = Y Y
&°] = z z
9]
=}
c
F=
c
Q Ne)
L\)’ o o "ég
~ g g o E S
u E E = 3 R’
o c F 3 3 s 3
- ) e 0o € a2 &
-g 00 3 2 = & 5 3
[ <  Z & OAda

Abbreviations: SCLC, small cell lung cancer; ET, etoposide; PFS, progression-free survival; OS, overall survival; RR, risk ratio; ORR, objective response rate; BOR, best overall response; DLTs, dose-limiting toxicities; AEs, adverse

events; CT, chemotherapy; CRT, chemoradiotherapy; SRT, standard radiation therapy; HRT, hyperfractionated radiation therapy; MTD, maximum tolerated dose; PD-L|, programmed death-ligand I; IHC, immunohistochemistry; DCR,

disease control rate.

the atezolizumab group (95% CI 1.2-1.5) but 4.2 months
in the chemotherapy group (95% CI 1.5-5.9). In this field
of study, several clinical trials are still being performed to
evaluate the efficacy and safety of atezolizumab for SCLC.
In addition, other PD-L1 immune checkpoint inhibitors—
durvalumab and avelumab—are also being investigated in
clinical trials.**

Combination therapy

A number of ongoing trials are focused on combination
therapies, such as a phase I/II trial investigating ROVA-T
(an anti-DLL3 antibody drug conjugate) with nivolumab
and ipilimumab (NCT03026166) and a phase I/II trial
investigating olaparib (PARP inhibitor) with durvalumab
(anti-PD-L1 antibody) and the anti-VEGF antibody bevaci-
zumab (NCT02734004). A randomized, open-label, phase
II study (STIMULI) comparing ipilimumab following che-
moradiotherapy alone in LS-SCLC is currently recruiting
patients (NCT02046733)* with primary endpoints of OS
and PFS. In the induction phase, nivolumab is to be admi-
nistered at a dose of 1 mg/kg i.v., followed by ipilimumab
3 mg/kg i.v. once every 3 weeks for four cycles. Nivolumab
will be continued as maintenance therapy at a dose of
240 mg i.v. once every 2 weeks for a maximum of
12 months; the results are expected in 2022. Phase III data
from the CheckMate-451 trial showed that OPDIVO®™
(nivolumab) combined with YERVOY® (ipilimumab)
missed the primary endpoint of OS.** Preliminary results
from the BALTIC study,*® which evaluated the combination
of durvalumab and tremelimumab in 25 patients with plati-
num-refractory/platinum-resistant ES-SCLC, showed an
objective response rate of 9.5%, mPFS of 1.9 months, and
mOS of 6.0 months, suggesting improved activity over
single-agent anti-PD-L1 therapy (Table 2).

A phase I/II study** comparing nivolumab+ipilimumab
+plinabulin in recurrent SCLC is currently recruiting
patients (NCT03575793). Primary endpoints include the
maximum tolerated dose and PFS. In the phase I trial,
nivolumab is to be intravenously administered at a dose
of 1 mg/kg i.v., followed by ipilimumab 3 mg/kg i.v. and
plinabulin in dose-escalating cohorts (level 1, 13.5 mg/m?;
level 1 (start), 20 mg/m?; level 2, 30 mg/m?). After four
treatment cycles, ipilimumab will be stopped and patients
will be administered nivolumab 240 mg and plinabulin
every 2 weeks; the results are due in 2022. A number of
ongoing trials are focusing on durvalumab and tremelimu-
mab combination therapies, such as the CASPIAN and
CLOVER trials. A phase III study (CASPIAN) comparing
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durvalumab with or without tremelimumab after che-
motherapy alone in ES-SCLC patients is currently active
and not recruiting patients (NCT0304872).** Its results are
expected in 2020. The primary endpoints of the clinical
trial include OS. The trial is designed as follows. In Arm
A, durvalumab and tremelimumab are administered every
3 weeks for 12 weeks and carboplatin/cisplatin and etopo-
side are administered up to four cycles every 3 weeks. In
Arm B, durvalumab is administered every 3 weeks for
12 weeks and carboplatin/cisplatin and etoposide are
administered up to four cycles every 3 weeks. In Arm C,
carboplatin/cisplatin and etoposide are administered up to
six cycles every 3 weeks (Table 2).

Next generation of immune checkpoint
targets

Immune checkpoint molecules are important regulators for
maintaining immune homeostasis and preventing autoim-
munity. These pathways consist of both stimulatory and
inhibitory pathways, which are important for maintaining
self-tolerance and regulating the type, magnitude, and dura-

34,47

tion of the immune response, as shown in Figure 1.

LAG3

Lymphocyte activation gene-3 (LAG3, CD223) is
expressed by T cells and NK cells after MHC class II
ligation.*®* LAG3 and PD-1 are frequently co-expressed
and upregulated on tumor-infiltrating lymphocytes, leading
to immune exhaustion and tumor growth.’* LAG-3 block-
ade improves tumor immune responses and potentiates a
variety of forms of immunotherapy to initiate different
mechanisms of action that are mediated by impeding cell
cycle progression.’'”* A combinational therapy of PD-1
with anti-LAG3 is an effective tool to treat many cancer
types and produces a synergistic effect. However, the
combined effects of other immune checkpoint inhibitory
molecules and anti-LAG3 antibody are currently under
investigation.”>>* LAG525 is an immunoglobulin G4
humanized monoclonal antibody that binds LAG-3 with
low nanomolar affinity, inhibiting the LAG-3 interaction
with MHC class II and potentially restoring the activity of
antitumor effector cells and enhancing anti-PD-1 antitu-
mor activity.’>>*  Anti-LAG-3 monoclonal antibody
LAGS525 is being studied in a phase II clinical trial of
patients with advanced solid and hematologic malignan-
cies including SCLC (NCT03365791)** recruitment is
currently underway. The primary endpoint is the clinical
benefit rate at 24 weeks of PDRO01+LAG525 and the PFS.

PDROO1and LAGS525 will be administered via i.v. infusion
over 30 minutes once every 3 weeks. The results should be
available in 2021 (Table 3).

OX40

0X40 (CD134) is a member of the TNF receptor super-
family that is highly expressed by activated CD4, CD8 T
cells, and Tregs and less expressed by neutrophils and NK
cells. OX40 is a secondary co-stimulatory immune check-
point molecule that is expressed for 24 to 72 hours follow-
ing its activation. Its ligand, OX40L, is also not expressed
on resting APCs. OX40 and OX40L play a pivotal role in
the activation, potentiation, proliferation, and survival of T
cells and in modulating NK cell function.”>”° PF-
04518600 (PF-8600) is an IgG2 humanized agonistic
monoclonal antibody of OX40 that is being evaluated in
the international JAVELIN Medley clinical trial
(NCT02554812).** The primary endpoint is the number
of participants with dose-limiting toxicities in the first
8 weeks of treatment and those with an objective response.
Currently, no data are unavailable on SCLC (Table 3).

4-1BB

4-1BB, an activation-induced co-stimulatory receptor, is an
important regulator of immune responses that is expressed
by T cells, NK cells, and APCs. Once expressed, it binds to
its ligand (4-1BBL) and triggers the proliferation and acti-
vation of immune cells, particularly T and NK cells.””®
Utomilumab (PF-05082566), a fully human monoclonal
antibody that stimulates 4-1BB, is currently being studied
in patients with SCLC and in combination with avelumab
and PF-04518600 in a phase II clinical trial (JAVELIN
Medley).** The primary endpoint is the number of partici-
pants with dose-limiting toxicities in the first 8 weeks of
treatment and those with an objective response.
Utomilumab is administered to those who have progressed
after at least one line of platinum-containing therapy, and
one of three dose levels is to be used to optimize the
combination with avelumab until disease progression. No

preliminary results are available yet (Table 3).

Non-t cell-associated inhibitory molecules
TGF-B

Transforming growth factor (TGF)-f is a cytokine that con-
trols multiple cellular processes such as growth suppression
of epithelial cells, alveolar epithelial cell differentiation,
fibroblast activation, and extracellular matrix organization.>’
The TGF-B pathway promotes cancer progression by
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concomitantly boosting tumor metastasis while inhibiting the
host immune response. Although this pathway is able to
control early-stage tumors by promoting cell cycle arrest
and apoptosis, in advanced stages, it allows for tumor evasion
by suppressing cytotoxic T cells and promotes cancer cell
proliferation, invasion, and metastasis, a functional switch
known as the TGF-P paradox.®*®' M7824 is a monoclonal
antibody against PD-L1 linked to the extracellular domain of
human TGF-f receptor 2 protein. Upon administration, the
PD-L1 monoclonal antibody part of M7824 binds to PD-L1
while the TGF-f part binds to and neutralizes TGF-f receptor
2 protein, which prevents TGF-B— and PD-L1-mediated
signaling and promotes CD8+ T cell and NK cell activation,
ultimately inhibiting tumor growth.®"> M7824 is being
evaluated in a phase I/II clinical trial (NCT03554473) in
patients with relapsed SCLC.** The primary endpoints
include efficacy (after 6 weeks for Arm B and 8 weeks for
Arm C), PFS, duration of response, and OS. M7824 is
administered at 1800 mg i.v. over 1 hour every 3 weeks on
a 3-week cycle (Arm A/B) and at 1200 mg i.v. over 1 hour
every 2 weeks on a 4-week cycle (Arm C). Topotecan is
administered at 1 mg/m? i.v. over 30 minutes on days 1-5 on
a 3-week cycle. Temozolomide is orally administered at
200 mg/m? on days 1-5 on a 4-week cycle. The results are
expected in 2022 (Table 3).

IDO
Indoleamine 2.3-dioxygenase (IDO) is an intracellular
enzyme that converts tryptophan to kynurenines.

Kynurenines promote the differentiation and activity of
Treg cells and decrease the amount and activity of CD8 T
cells, which prompts an immunosuppressive situation that is
compounded by the elevated amounts of PD-1/PD-L1 pre-
sent in this milieu.”*** Epacadostat is an oral agent that
blocks the IDO pathway and is being investigated in a
phase I/IT clinical trial of advanced and metastatic malignan-
cies including SCLC (NCT03277352).** The primary end-
points include treatment-emergent adverse events, objective
response rate, and the complete response rate. Treatment-
emergent adverse events are screened through 60 days after
the end of treatment up to 18 months for phase 1. The
objective response rate and complete response rate are to be
assessed every 9 weeks for 12 months, then every 12 weeks
up to 18 months for the phase II trial. Moreover, a non-
randomized, open-label, phase I/ clinical trial of advanced
solid tumors including SCLC (NCT03361228)* is currently
active and not recruiting patients. The primary endpoints

include treatment-emergent adverse events and objective
response rate, assessed up to approximately 12 months. No
preliminary results are available yet (Table 3).

Conclusion

Immune checkpoint inhibitors are showing promise as ther-
apeutic agents for SCLC and are being intensively studied.
Thus, numerous trials at all stages and lines of treatment of
SCLC are exploring the value of these agents both alone and
in combination with chemotherapy or targeted agents.
Overall, the expectations for immuno-oncology are high
and the outcomes of these trials will hopefully reveal a
variety of treatment options for SCLC patients. The discov-
ery of new immune inhibitory and stimulatory pathways and
rational combination strategies as discussed in this article is
essential and will help to improve SCLC immunotherapy.
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